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The Shelf Life of Fresh Fruits and Vegetables 
in Retail Store Display Cases 


Introduction 


This is a progress report of studies which are being conducted to determine the 
effects of retail store display and handling practices upon the quality and condition 
of fruits and vegetables, not only while still in the hands of the retailer but also 
after a reasonable time in the hands of the consumer. 


It is recognized that the primary interest of the retailer is to sell the 
produce as quickly as possible. Sometimes it is necessary to hold produce for 
several days, especially in the smaller stores, and its life in the hands of the 
consumer is appreciably shortened. Such produce may appear fairly satisfactory in 
the display case but show considerable deterioration soon after purchase by the 
consumer. Whether or not the consumer will use fruits and vegetables in the fresh 
state undoubtedly depends largely upon such important factors as costs, appearance, 
wastage, flavor, and their nutritional value. 


The shelf life of fresh fruits and vegetables depends upon several factors, 
some of which are the previous history of the produce, its freshness, and its 
general quality when received at the retail store. At the retail store, aging, 
wilting, decay, or other deterioration processes progress more or less rapidly, 
depending upon the handling practices followed with regard to temperature and 
moisture. 


Respiration and other physiological changes take place throughout the life of 
fresh fruits and vegetables. In the process of respiration, heat is generated 
which in turn causes a further increase in the rate of respiration. Cooling of the 
produce will reduce the rate of respiration, slow down aging, and retard the develop- 
ment of decay. 


Retail store operators follow various handling practices to control temperatures 
of fresh fruits and vegetables. The mechanically refrigerated case and the ice bed 
case are used to maintain cool temperatures during both day and night, while in some 
stores the produce is displayed in non-refrigerated cases during the daytime and 
held overnight in "walk-in coolers" or in iced produce barrels. 


In order to study changes in the shelf life of fruits and vegetables with 
various methods of handling, a laboratory at Beltsville, Marylend, has been equipped 
with several types of display cases which are operated to simulate certain retail 
store conditions. Studies of changes in the quality of different kinds of produce 
are being conducted with varying temperature and moisture conditions. These tests 
should be repeated a number of times with produce from various sections of the 
country, and at different seasons of the year before definite conclusions can be 
reached. However, preliminary information regarding temperatures and changes in 
the quality of some produce under certain specific conditions are discussed in 
this report. 


In evaluating the results, it is well to keep in mind that the previous 
history of the produce has a very important effect upon its shelf life. Produce 
marketed at the peak of its season should remain in good condition longer than 
that which has been harvested at the end of the growing season. Rapid deterioration 
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may be expected in produce that has been exposed to extreme temperatures before 
reaching the retailer. Delays in moving produce through jobbers’ hands, a 

common and sometimes unavoidable situation, often results in shortened shelf life 
of fruits and vegetables. Rough handling causes injuries which accelerate 
deterioration of the produce regardless of the best retail store handling practices. 


The data given in this report cover only the effect of temperature and 
moisture under the conditions stated, and with the equipment specified. It is 
ebvicous that results obtained with the same commodities may show some variations 
from those secured in these studies because of differences in quality of produce, 
variations in temperature and moisture conditions with different types of eguip- 
ment, and physical handling of produce while on display in stores. 


Sunmary and Conclusions 


The shelf life of n> lifferent vegetables was studied under various methods 
of handling in retail store display cases. The produce was displayed for several 
days in non-refrigerated, mechanically refrigerated, and ice bed cases. The veg- 
etables were subjected to the following handling practices: 


1. Displayed in a non-refrizerated case during the daytime and stored in an 
iced produce barrel, and in 32°, 40°, or 50° F, “walk-in coolers" at night. 


2- Displayed on a false bottom rack and on the regular rack in a mechanic- 
ally refrigerated case. 


3. Displayed in an ice bed case. 


In each display case, one lot was sprinkled several times daily and a dupli- 
cate lot was not sprinkled at any time. In the ice-bed case, one lot was garnished 
with crushed ice several times daily, and two lots were garnished only at night when 
the produce was prepared for night storage. Of the latter two lots, one was 
sprinkled and the other was not sprinkled although the produce became wet from the 
garnish ice that melted during the night. 


A treatment whereby no refrigeration was employed was not included because such 
@ method of handling highly perishable vegetables cannot be recommended under any 
circumstances- Hven if no equipment is available for daytime refrigeration, over- 
night storage in "walk-in coolers" or in iced produce barrels is recommended for 
extending the shelf life of produce and to help preserve its nutritional value. 


The position of produce in the display cases affected its temperature. Produce 
displayed above the top front edge of the cases were appreciably warmer than 
produce in the lower layers. Produce displayed on the false bottom rack in the 
mechanically refrigerated case was considerably higher in temperature than produce 
displayed on the regular rack, and became unattractive as much as 2 days sooner. 
False bottom racks should not be used in refrigerated cases if the benefits of 
refrigeration are expected. 
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Night refrigeration resulted in average daytime produce temperatures in a non- 
refrigerated case which were considerably lower than the average display room air 
temperatures. During 13 separate tests in which produce was stored at night in 
iced produce barrels or in a 40°F. "walk-in cooler", the average daytime produce 
temperature was 17 degrees lower than the average daytime room temperature. The 
24-hour produce temperatures averaged 24 degrees below the average display room 
temperature for the same period. 


Changes in the temperatures of vroduce when exposed to different air temper- 
atures were more rapid in leafy vegetables than in solid commodities such as apples 
and cucumbers. 


No appreciable differences were found in the temperatures or condition of pro- 
duce that had been stored in the metal and in the wood produce barrels at night 
after being exposed to daytime room air temperatures in retail store display cases. 
Night temperatures of the produce in the iced produce barrels were appreciably lower 
in the center than near the sides of the barrels. 


Of 37 separate treatments in the produce barrels, the produce in 36 of them 
had gained in weight. 


Practically all of the produce that had been displayed on a bed of crushed 
ice, whether garnished several times daily or garnished only at night remained 
attractive for 2 days whether spvrinkled or not sprinkled. The vroduce which 
had been sprinkled several times daily and garnished only at night, and that 
which had been garnished several times daily gained in weight due to moisture 
absorption. 


Sorinkling with tap water four times daily had no cooling effect upon the 
produce, but it kept the produce attractive longer and reduced moisture loss. In 
54 paired lots of sprinkled and non-sprinkled produce, 10 of the sprinkled lots 
were attractive a day longer than the non-sprinkled produce and 5 were attractive 
e days longer. Moisture loss in non-sprinkled produce averaged approximately 
3, 6, and 8 percent, whereas sprinkled produce gained an average of 1 percent in 
weight during the 3-day test periods. 


Snap Beans. Refrigeration and sprinkling prolonged the shelf life of the 
beans used in these tests. Snap beans do not require as low temperatures as 
most other produce. Night refrigeration in storage rooms held at 40° to 50°F. 
is satisfactory after daytime display in non-refrigerated display cases. Sprin- 
kling several times daily kept the snap beans crisp and tender. 


The principal defects that developed in snap beans during the 3-day tests 
were drying and flabbiness, a fading of the green color, and russeting of the 
pods. In most tests, the beans remained in good condition under all methods of 
handling and were attractive throughout the 5-day tests. In the non-sprinkled 
lots in all display cases some beans became dry and flabby, and lost considerable 
weight due to moisture evaporation. Decay was of no importance. No russeting 
was present in any lot after two days, and only one of 6 lots tested under 
similar conditions of temperature and moisture showed russeting after three days. 
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Beets, bunched. Refrigeration and light sprinkling prolonged the shelf life 
of bunched beets. Heavy wetting of the leaves should be avoided especially at 
high temperatures as excessive moisture provides a favorable condition for the 
development of decay of the leaves. Light sprinkling of the beets in the upper - 
layers prevented wilting of the leaves and sponginess of the roots during each 
of the 3-day tests. 


If daytime refrigeration is not available as mechanically refrigerated or 
ice-bed cases, bunched beets should be stored at night in a "walk-in cooler" or 
in an iced produce barrel. 


italian Sprouting Broccoli. These tests demonstrate the importance of 
refrigeration together with sprinkling with water to secure maximum shelf life 
of broccoli. Without refrigeration, only one day's shelf life in the retail store 
can be expected. With refrigeration from a mechanically cooled case or ice-bed 
rack, 2 or 3 days shelf life is assured if the broccoli is kept moist through sprin- 
ling or garnishing with ice. 


If daytime refrigeration is not available, night refrigeration should be furn- 
ished either in a cold room oriced produce barrel. If no refrigeration during day 
or night can be given, sprinkling is not recommended because the moisture it 
furnishes together with the high produce temperature (above 55° F.) makes favorable 
conditions for the development of decay. 


Condition and quality of tne broccoli at the time it is displayed for sale are 
‘very important in determining its marketable period. The chief defects which occur 
are yellowing, wilting, and decay of the buds with consequent off-odors. Least 
discoloration of the buds in these tests occurred in broccoli displayed on an ice- 
bed and kept garnished with crushed ice several times daily. 


Carrots, bunched. Variable conditions of the carrots when received from the 
wholesale produce market caused some variations in the results obtained in the tests. 
Some lots were attractive when removed from the original containers whereas others 
were unattractive due to the presence of yellow and discolored leaves and shriveled 
roots. The principal defects that developed under the various handling practices 
were flabbiness, shriveling, and discoloration of the roots and yellow and dis- 
eolored leaves. ‘these defects were most common in carrots that were not sprinkled. 
Tne percentage of such defects was especially high in carrots displayed on the false 
bottom rack in the mechanically refrigerated case. Sprinkling and low temperatures 
prolonged the shelf life of carrots by preserving a fresh appearance of the leaves 
and firmness of the roots. Light sprinkling gave better results than heavy wetting 
which caused a dark, watersoaked appearance of the leaves. Results indicate that 
sprinkling was more beneficial than low temperatures although both are highly 
desirable. If daytime refrigeration in a mechanically refrigerated or ice-bed case 
is not available, night refrigeration should be furnished in a cold room or in an 
iced produce barrel. 


Cauliflower. Spotting of the curds and wilting of the leaves and curds were 
the only important defects that developed during the 3-day tests. Decay, and yel- 
lowing of the leaves were of little if any importance. Variations occurred in 
the tests which were probably due to some growing or handling condition previous 
to the time the cauliflower was obtained from the wholesale produce market. The - 
cauliflower in all display cases remained attractive for one day. At the end of 
the second and third days, there was considerable variation in the attractiveness 
of the cauliflower that had been treated in a similar manner during the different 
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testing periods. Sprinkling and low temperatures prolonged the shelf life of cauli- 
flower. At produce temperatures above 50°F. more spotting occurred in the sprinkled 
lots than in the non-sprinkled. Spotting was most prevalent in the non-refrigerated 
case and on the false bottom rack in the mechanically refrigerated case. More wilt- 
ing and greater weight losses occurred in cauliflower that had not been sprinkled 
than in the sprinkled or garnished lots. Night storage at temperatures of 40°F. or 
lower and sprinkling several times daily will prolong the shelf life and reduce 
weight losses. 


Cucumbers. No appreciable differences were found in the shelf life of cucum- 
bers under any of the various handling practices during the 3-day tests in the dis- 
play cases. However, cucumbers that had been stored for a week or more in "walk-in 
coolers" with high humidity showed more rapid deterioration at temperatures of 40°F. 
and lower than at 50°. This deterioration was due to the development of numerous 
pitted areas which decayed when the cucumbers were exposed to room temperatures for 
one or two days. 


The principal defects that developed in the cucumbers displayed under varying 
conditions were shriveled and soft ends. These defects were found under all han- 
dling practices. Some yellowing occurred in both sprinkled and non-sprinkled cucumn- 
bers in one lot that showed sigms of aging when they were obtained from the whole~ 
sale produce market. No yellowing occurred ‘in any other lot during the 3-day tests. 
Practically no decay developed under any of the various handling methods. 


Lettuce, Iceberg. Refrigeration and sprinkling the lettuce several times 
daily prolonged the shelf life of lettuce. Loss of quality, size, and weight of 
the heads was caused principally by loose leaves that became detached in ordinary 
handling and by leaves withered from excessive moisture evaporation. The greatest 
total weight losses were found in lettuce that had not been sprinkled. Lettuce 
under all methods of handling remained attractive for one day without recondition- 
ing. After the second and third days, trimming of broken, torn, and loose leaves 
in most of the sprinkled lots and withered leaves in the non-sprinkled lots was 
necessary to improve the appearance of the heads. Decay was of no importance ex- 
cept in one lot of sprinkled lettuce displayed for three days on the false bottom 
rack in the mechanically refrigerated case. 


Onions, Green. High temperatures accelerate and low temperatures retard the 
development of yellow and decayed leaves. Refrigeration and sprinkling prolong 

the shelf life of green onions by preserving a fresh, attractive appearance. 

Onions whose average temperatures were 40° to 50°F. remained attractive for three 
days while those averaging 55° to 65° became unattractive because of yellow leaves. 
At the higher temperatures, sprinkled onions showed somewhat more decay than those 
that had not been sprinkled. Sprinkling several times daily and night storage tem- 
peratures of 40°F. or lower when daytime refrigeration is not available, are recon- 
mended. 


Radishes, Bunched. The previous history of the radishes before reaching the 
retailer appears to have a greater effect upon their shelf life than the method 
of handling commonly practiced by store operators. Some lots became yellow, slimy, 
and unattractive after one day, whereas other lots remained attractive throughout 
the 3-day tests under similar condition of temperature and moisture. 
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Sprinkling several times daily resulted in the roots remaining firm and crisp 
while the non-sprinkled roots became flabby or spongy. Sprinkling also reduced 
yellowing and wilting or withering of the leaves. No appreciable differences in 
the occurrence of decay were found between the sprinkled and the non-sprinkled 
radishes. 


Average produce temperatures as high as 60° F. did not materially affect the 
appearance of the radishes during the first day under any of the methods of han- 
dling but after three days. a much larger proportion of the lots with produce 
temperatures below 45° were attractive than of those held at higher temperatures. 


If daytime refrigeration is not available in a mechanically refrigerated or 
ice-bed case, bunched radishes should be kept overnight in an iced produce barrel 
or in a "walk-in cooler" held at temperatures of 40° F. or lower. 


The results of the tests reported herein indicate that rapid deterioration 
of produce in the hands of both retailer and consumer is sometimes due to the 
poor condition of the produce when it is received by the retailer. The shelf 
life of produce in retail stores is materially shortened when produce has been 
improperly handled in transit or has been held without refrigeration for several 
days in wholesale or jobber sales rooms. Under such conditions the package ice 
often becomes melted and the produce temperature rises. The higher temperatures, 
together with moisture from the melted ice, provide ideal conditions for the 
development of decay. Broken, and bruised produce also deteriorates rapidly. 
Better refrigeration and handling practices would do much toward reducing deter- 
ioration of produce. 


Suggestions for Prolonging the Shelf Life of Fresh Produce 


Produce should be moved as quickly as possible through the various marketing 
channels from shipping point to the consumer. Such highly perishable commodities 
as broccoli, radishes, green onions, leafy vegetables, etc., should be kept well 
refrigerated in order to retard aging, discoloration, decay, or other deterioration 
which may cause consumer dissatisfaction with the guality of produce offered in 
retail stores. 


Light sprinkling with water several times daily will reduce wilting and pro- 
long the shelf life of most vegetables. 


Produce that has been displayed in non-refrigerated cases during the daytime 
should be stored at night in iced produce barrels or in refrigerated storage 
LOOMS « 


Produce should not be piled above the top front edge of refrigerated cases 
unless it is expected to be sold in a reasonably short time. 


Produce that requires good refrigeration should not be displayed on false 
bottom racks in mechanically refrigerated cases. 


ies 
Eguipment and Methods 


The following equipment was used in the various tests covered in this report: 


Display cases. A 6-foot non-refrigerated wood display case with galvanized 
metal bottom and sides was used. The case was provided with a slatted rack sloping 
_ from 8 inches above the bottom at the back of the case to 1 inch at the front. The 
top front edge of the case was 10 inches and the back 32 inches above the bottom. 
The top of the case extended 13 inches from the back toward the front. 


A 10-foot commercial, mechanically refrigerated display case (convection type) 
with mirror back was also employed. The distance from the front to the back of 
the case was approximately 3 feet. The regular rack which was provided with the case 
was 3 inches above the bottom at the front and was 5 inches from the bottom at the 
back of the case. The top front edge of the case was 9 inches above the rack. A 
false bottom rack was constructed for use in certain tests in the mechanically re- 
frigerated case. One-gquarter inch mesh wire screen was used as the bottom of the 
false rack which was about 7 inches above the regular rack and 2 inches below the 
top front edge of the case. A solid partition was used to separate produce on the 
regular rack from that on the false bottom. 


A 5-foot insulated commercial ice bed case with mirror back, metal sides and 
sloping bottom was the third type of case used. A drain was provided to carry off 
water from the melting ice. The case measured approximately 27 inches from the 
front to the back. The depth at the front was 11 inches from the bottom to the 
top edge, and at the back was 8 inches from the bottom to the lower edge of the 
mirror. In each of the tests, 3 to 5 inches of crushed ice was spread over the 
bottom before the produce was placed in the case. ‘This bed of ice was replenished 
once each day during the various tests. 


In the "garnished" treatments, a thin layer of crushed ice was spread over 
the produce soon after the ice bed had been replenished in the morning; the 
produce was again garnished with thin layers at noon, and at mid-afternoon. At 
six o'clock at night a thick layer of ice was spread over the produce which was 
then covered with heavy paper. The produce remained covered until the following 
morning when it was prepared for daytime display. Crushed ice (chestnut size) 
was used in the tests and was stored in a 169 F. room until needed. Before using 
in the ice bed case or in the produce barrels it was held in the display room 
until its temperature was about 30° F, 


Produce barrels. Two types of produce barrels of about 50 gallon size were 
used. One was a metal drum with sides approximately 1/20 inch thick, and the 
other was an oak barrel with sides 3/4 inch thick. The barrels were provided 
with drain spouts and slatted false bottom racks resting on 2 x 4 inch wood blocks. 


Before packing produce in the barrels, 2 or 3 inches of crushed ice was spread 
on the slatted rack. Alternate layers of vegetables and ice were then placed in 
the barrels. About 12 pounds of ice was used in the bottom, 6 pounds between 
layers of produce and 12 pounds over the top layer of vegetables. The barrels 
were then covered with a wet burlap sack and left overnight in the display room. 
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About 60 pounds of ice were usually used each night in the produce barrel, 
When the produce was removed in the morning, ¢ or 3 pounds of ice generally re- 
mained in the barrel. 


A sketch of a packed produce barrel is shown below. 


Fig 1. THE PRODUCE BARREL. Vegetables packed in alternate layers 
with crushed ice for night storage. 
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Cold storage rooms. A 32°, 40°, and a 50° #. storage room, each of which was 
9 feet high, 9 feet wide, and.15 feet long were available for the tests. The tem- 
peratures in these rooms were thermostatically controlled, and small fans were used 
to provide circulation of air. The relative humidity was kept at approximately 
85 percent. Produce other than that used in the tests was also stored in the rooms. 


Display room, The display cases were seét up in a room on the ground floor 
of a well insulated brick building. Temperature records taken at the top of 
each display case and near the entrance to the room were within 4| degrees of each 
other at all times and about 90 percent of the time did not vary more than 2 
degrees. Average room temperatures during each of the various tests ranged from 
fieane 90s Muusuaiihy, 72° Goryae: 


Temperature records. Fruit thermometers were used to take commodity tem-— 
peratures where they could be easily and quickly read and temperatures of pro- 
duce Located in such inaccessible places as in the produce barrel, or in the 
bottom layers af produce in display cases were obtained with thermocouples. Re- 
cording thermometers were used for securing a continuous record of day and night 
temperatures of produce and hygrothermographs were used to make continuous re- 
cordings of temperature and humidity in the display room. 


Sprinkling. A watering can, and a half-pint size bulb-tynve rubber water 
sprayer were used to sprinkle the produce with tap water. 


Moisture changes. The difference between the original weight of the pro- 
duce and that found at the end of each testing period is reported as ‘Moisture" 
loss or gain although it is recognized that a minor part of the difference is 
caused by respiration. 
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Operation of the display room. Practically all of the produce used in the 
tests was obtained in original containers from dealers on the Washington, D. C. 
wholesale frnit and vegetable market. It was hanled in a covered truck for 
fifteen miles to the U. S. Bureau of Plant Industry Station at Beltsville, 
Maryland, and immediately placed in a refrigerated storage room where it was 
held until each of the commodities had been sorted into representative samples 
for the tests. In selecting samples, size as well as other quality and con- 
dition factors were considered. Decayed, discolored, or otherwise objectionable 
specimens were either trimmed or discarded. 


The display room day began between 8:00 A.M. and 9:00 A.M. when the produce 
was arranged on the racks, and it ended when the produce was prepared for night 
storage between 6:00 P.M. and 7:00 P.M. 


The produce used in the mechanically refrigerated and in the ice bed cases 
were held in these cases throughout the entire tests except for the time necessary 
to weigh each specimen and examine it for changes that may have occurred during 
the previous 24-hour period. The produce in these cases was covered with heavy 
paper at night. Produce in the non-refrigerated case was removed each night 
to the refrigerated storage rooms, or packed in produce barrels which were left 
in the display room during the night. 


Fruit thermometers, thermocouples, and recording thermometers were kept in 
the same relative positions in the produce throughout the tests. 


Results 


Effect of Position in Display Cases Upon the Temperatures of Produce 


Results of various tests clearly show that temperatures of fruits and vege- 
tables are materially affected by their positions in display cases and by the 
depth from the bottom to the top of the produce (figs. 2, 3, & 4). Lower tem— 
peratures were found in produce in the bottom layers than in the top layers in 
all display cases, the extent of the variations depending upon the depth of the 
produce. 


In the non-refrigerated case, the lower temperatures in the bottom layer 
were apparently due to the insulating effect of the upper layers which pre- 
served the low temperatures resulting from refrigeration in the holding room 
overnight. 


In the ice bed case, the temperature of the top layer of produce displayed 
9, 12, and 15 inches deep averaged 14, 24, and 29 degrees, respectively, higher 
than in the bottom layer. 


In the mechanically refrigerated case, temperatures of produce displayed . 
9, 12, and 15 inches deep averaged 16, 21, and 27 degrees, respectively,’ higher 
in the top than in the bottom layer. 
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The distance between the source of refrigeration and the produce cases had 
an important effect upon the temperature of the produce and the produce. This 
is illustrated by results obtained from several tests made with produce displayed 
on a false bottom rack and on the regular rack provided with the mechanically 
refrigerated case (see table 1). The produce in each sample extended from the 
front to the back of the rack. 


The average temperatures of the vegetables in 22 paired lots displayed on 
the false bottom rack ranged from 55° to 64° and averaged 54° F. Whereas on 
the regular rack the average temperatures ranged from 38° to 53° and averaged 
4uz° F, The temperature of the produce on the false bottom rack averaged 15 
degrees higher than on the regular rack. 
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Fig. 2. Effect of Position Upon Temperatures of Produce Displayed 


in Non-Refrigerated Case 


Temperatures at various positions in the display case are shown in the cross- 
section diagrams below. The temperatures are averages of 12 to 17 daytime 


readings at each position over a period of 4 to 5 days. 


The depth of produce on the racks is indicated at the left of each diagran. 


The dotted line from the front to the back of each case indicates the top of 


the produce. 


LETTUCE BUNCHED CARROTS 


On non-refrigerated rack during On non-refrigerated raclz 
daytime and in 45° to 50°F. room during daytime and in 45? 


at night. to 50°F. room at night. 
Display room air temperature Display room air temper- 
32° to 86°, averaging 84°F. atures 75° to 81°, aver- 


aging 78°F. 


CABBAGE 


On non-refrigerated rack 
during daytime and in 45° to 
50°F. room at night. 

Display room air temper- 
atures 80° to 84° average 
sialon oye) a 


eon 


Fig. 3. Effect of Position Upon Temperatures of Produce Displayed in 
Ice Bed Case 


Temperatures at various positions in the display case are shown in the cross- 
section diagrams below. The temperatures are averages of 12 to 17 daytime 
readings at each position over a period of 4 to 5 days. 


The depth of produce on the racks is indicated at the left of each diagram. 


The dotted Line from the front to the back of each case indicates the 
top of the produce. 


LETTUCE BUNCHED CARROTS CABBAGE 
Room temperatures Room temperatures Room pitta 
82° to 86°, av. SHR, Toe tOuSLen ave vier 80° to 84° av. 82h, 


The produce was arranged on a bed of crushed ice which was 3 to 5 inches deep; 
it was garnished with a thin layer of crushed ice 3 times during the daytime 


and a thick layer was applied when the produce was prepared for night storege. 
The produce was covered with heavy paper during the night. 


° 1% 


Fig. 4. Effect of Position Upon Temperatures of Produce Displayed 
on Regular Rack in Mechanically Refrigerated Case 


Temperatures at various positions in the display case are shown in cross-section 
diagrams below. The temperatures are averages of l2 to 17 daytime readings at 
each position over a period of 4 to 5 days. 


The depth of the produce on the racks is indicated at the lert of each diagram. 


The dotted line from the front to the back of each case indicates the top of 
the produce. 


C 


Vales eoee Fake 
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The produce was kept in the mechanically refrigerated case continuously; it was 
covered with heavy paper during the night. 
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Table 1. Comparison of Produce Temperatures L/oFalse Bottom Rack 
and on the Regular Rack in a Mechanically Refrigerated Display Case 
(Convection type) 


Test Depth of Daytime Produce Temperatures-°F. Daytime Display Room 


Commodity No. Produce False Bottom Rack Regular Rack Air Temperatures 
, RANGE AVE. RANGE AVE. RANGE AVE. 
Beans, Snap 1 7 inches 40 - 70, 59 31 - 65, 43 68 - 78, 73 
fimo B ty BO Be honest ene 
WW iu { al 9 3 i py 9 ee Ihe 
Averages : 60 ao) TG 
Beets, Bmched1l ulayers 43 - 70, 56 36 = 65, 45 68 - 81, a 
i ee He i Ua) 9/3). 55 34u - 61, 46 66 = 81, b 
Averages BD) U5 {4 
Broccoli il 1 layer 5l = 63, 59 34 - 47, ho Tit = 79), 74 
i" 2 nom 47 = 66, 59 35 - 46, Wn 68 ~ 78, Te 
Averages 59 qo 73 
Carrots, Bch 1 5 layers 0 - 69, 56 33 - 63, 45 66 - 76, 72 
a a at Bh (iy | So) Bo = 50, te 10'= 79, 16 
Averages 5 43 15 
Cauliflower 1 1 layer 4g — 68, 62 39 - 54, 46 70 - 79, 76 
F 2 Bw 52 - 71, 64 Uz— 51, 47 73 - 8, 80 
: Sie ia Dia eon Os we) =) ifn Des [= Sik, 76 
m 4 Wien! 57 - 65, 62 WO = 52, 46 70 - 76, 73 
it 5 no 51 = 66, 59 38 - 50, 1 66 — 7h, ee: 
Averages 62 ii 15 
Cucumbers 1 6=- 8 in. 4 - 63, 55 38 - 49, 43 73 - 85, 0) 
" a a te Wie <2 (9), 1 Ge) 37 - 52, he 67 - 78, B 
Averages DD) f ye if 
Lettuce,icég, 1 2layers 50'- 68, <2 RSLS PES 75 (57S eee 
L Beto tae at BOL OUG ot Olen: MOT aa BS. ~ 12 - 15, Bb 
Averages Dy) 5 ii 
Onions,Gren 1 6 inches 40 — 70, 5& 35 - 58, 47 66 — 78, 3 
Radishes,Bch.l1 2 layers 58-67, 60 OG ie TOMeon 76 
: Re sora oe Be Oh ST Bn is ae Ss) > 1/9), 74 
" it 3 teats 52 - 69, 60 37 - 55, a 69 ss Su. B 
Averages 5S) é if 


Grand Averages 


58 13 Gs 
iy) These figures are based upon 1740 temperature readings taken of produce displayed 


on the false bottom rack and an equal number of readings on the regular rack. The 
number of readings ranged from 52 to 316, averaging 193 for each of the commodities, 
Readings were taken at 2 to 5 different positions on each rack, depending upon the 
depth of the produce. 
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Temperatures of Produce in a Non-Refrigerated Case and During Overnight 
Storage at 40° and 50° F, 


Hourly temperature changes in three different kinds of produce are shown 
in figures 5 to 7, inclusive. Temperature changes in other produce tested 
show similar curves. 


A comparison of the daytime temperatures of the produce with that of the 
display room air temperaturés shows that the cooling effect of night storage in 
the refrigerated rooms carried through the following day. In no case did the 
daytime produce temperatures réach that of the display room air temperature. 


Rapidity of cooling and heating varied somewhat with the different types 
of commodities. With the more solid commodities — apples, cucumbers, and 
cabbage - the hourly changes in temperature were more gradual than with leafy 
vegetables. 


These charts are based upon temperatures obtained in approximately one-bushel 
lots of each of the commodities. 


oY 


50 


70 


60 


30 
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Fig. 5. APPLES —- Temperature Changes in Produce While Displayed 
on Non-Refrigerated Rack During Daytime and While in 
Night Storage Rooms at O° and 50°F. 


— — — APPLE TEMPERATURES IN 50°F. ROOM AT NIGHT AND ON NON-REFRIGERATED RACK 


DURING DAYTIME 


APPLE TEMPERATURES IN 40°F. ROOM AT NIGHT AND ON NON-REFRIGERATED RACK 


DURING DAYTIME 
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Fig. 6 KALE - Temperature Changes in Produce While Displayed 


on Non-Refrigerated Rack During Daytime and While 
in Night Storage Rooms at 40° and 50°F. 


- —--— <KAIE TEMPERATURES IN 50°F. ROOM AT NIGHT AND ON NON-REFRIGERATED 
RACK DURING DAYTIME 
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Fig. ¢ CARROTS, bunched - Temperature Changes in Produce While 
Displayed on Non-Refrigerated Rack During Daytime and 
while in Night Storage Rooms at 0° 
and 50°F. 


SoH CARROT TEMPERATURES IN 50°F. ROOM AT NIGHT AND ON NON-REFRIGERATED 
RACK DURING DAYTIME 


CARROT TEMPERATURES IN 40°F. ROOM AT NIGHT AND ON NON-REFRIGERATED 
RACK DURING DAYTIME 
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Use of the Produce Barrel for Night 
Storaze and Its Effect Upon Produce 
Temperatures 


The produce barrel is used by some retail store operators to hold produce 
under refrigeration over night. (A sketch of a packed;produce barrel is shown 
in figure 1, page & = 


In packing the barrel, two or three inches of crushed ice was first spread 
over the slatted rack in the bottom of the barrel. The barrel was then filled 
with alternate layers of produce and crushed ice and a wet burlap sack was 
placed over the top of the barrel. The barrel. was kept in the display room 
during the night. 


The average hourly temperatures 1/ obtained during four tests with veg- 
etables stored overnight in a metal produce barrel are shown in figure 8, page 
20. Slight variations in the temperature curves may be due to several causes, 
such as the kind, condition, and: volume of produce, the amount of crushed ice 
used, and the display room air temperatures. In these tests, the 24-hour 
average produce temperatures were 24 to 30 degrees below the display room air 
temperatures. 


Both metal and wood produce barrels were used in some of the tests to 
determine the relative values of each. There were no differences in the pro- 
duce temperatures in the two types of barrels (see fig. 9, page 21). 


The effect of position in the produce barrels upon temperatures of the 
vegetables is shown in figure 10, page 21. Lower temperatures were found in 
the center of each layer than near the sides of the barrel. This fact should 
be given important consideration when packing vegetables that are subject to 
injury by temperatures below 40° F. 


Certain vegetables heated more rapidly than others when removed from night 
refrigeration. The temperature of green onions, for example, rose more quickly 
than that of the other vegetables in this test. In most instances, such veg- 
etables also cooled very rapidly, although their temperatures did not fall as 
low as the other commodities in the produce barrels. When placed in the ho° F. 
room, a very sharp drop in the temperature of the onions occurred within an 
hour, with the curves leveling off at approximately 40°. In most instances, 
the temperatures of lettuce in the produce barrels dropped lower than the tem- 
peratures of the other vegetables. 


The temperatures of vegetables in the produce barrels began to rise 
slightly during the early morning hours while still in the barrels. This 
rise in temperature was probably due to the reduced amount of ice remaining. 


1/ Temperatures were taken in the middle of the various layers of produce. 
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Pig. 9 - Temperatures of Produce Displayed in a Non—Refrigerated Case 
During the Daytime and While Held in a Metél and a Wood 
Produce Barrel and in a 40° Room at Night. (Average 
temperatures of seven different vegetables). 
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Fig. 10 - Effect of Location in Produce Barrels Upon Temperatures of Produce 
(Average temperatures of seven different vegetables) 
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Summary of Temperatures Obtained in Fifteen Different Tests of Produce Dis- 
played in a Non-Refrigerated Case During the Daytime and Stored at Night in Iced 
Produce Barrels and in Walk-in Storage Rooms Held at 40° and 50°F. 


Comparisons of temperatures of produce stored at night under certain con- 
ditions are shown in table 2, page 23. 


Produce held overnight in the 50° F. room had an average temperature that 
was 16 degrees lower than the display room temperature; that held at 40° over- 
night was 23 degrees cooler than the display room, and the vegetables stored 
overnight in the produce barrels had average temperatures 24 and 25 degrees 
cooler than the display room. Thus, overnight refrigerated storage gave an 
appreciable reduction in the 2-hour produce temperatures. . 

Differences between the average day and the average night temperatures of 
certain commodities was very small (see table 2). The average night temperature 
of apples in the 40° F. room was 48° and their average daytime temperature was 
50°, a difference of only 2 degrees. In the 50° room the average apple temper- 
ature was 57° at night and 58° in the daytime, a difference of only 1 degree. 
Some leafy vegetables showed rather wide differences between the day and night 
temperatures. 


The average ceytime produce temperatures of the 15 tests shown in table 2 
ranged from 50° to 64° F., mostly between 55° and 60°, while the average dis- 
play room air temperatures ranged from 72° to 75°. 


PN: -23- 


Table 2. Summary of Temperatures ad Obtained in Produce Displayed in 
a Non-Refrigerated Case During the Daytime and While Held in 40 
and 50°F. Storage Rooms or in Iced Produce Barrels at Night. 


Test Night Average Number and Daytime Average Average Differences Average Differences 
No. Storage Amount Weight of Display Daytime Night Between 24-hour Between 24-hour 
Treat- of Ice Commodities Room Produce Produce Day and Produce Averages of Pro- 
ment Used in Tests Air Temps. Temps. Night Avg. Temps. duce and Display 
Daily (2) Temps. Temps.» Room Air Temps. 
Lbs. No.& Wt. om, ane oe one Canis oH 
1. 40° Room =" 3 (20 Ths) .-74 58 47 alt 51 23 
—  * - 1 (50 lbs) 74 50 48 2 Ike) 25 
a -* -""-3 (120 lbs) 74 52 47 5 50 24 
inne - 6 (102 lbs) 75 58 46 12 50 25 
| — * ey hei tbs)),* 73 58 46 12 Bil 22 
Gan * - 7 (136 lbs) 72 59 6 13 51 21 
72 50° Room = a (2051Ds) 74 64 57 7 60 14 
aaae—(‘(* = 1 (50 lbs) 74 58 bi 1 5 15 
P| | all = SB Gh Sens) 225 by) 56 3 Dit 18 
10, Metal Bbl. 88 6 (117 lbs) 74 Biliary 6's) 7, Ay 30 
Llgeee . Da OC TOS Ups) (75 Dt 43 14 48 27 
12a . Bee 7) (l26rina) “75 56 43 13 49 24 
lj 8 60, 7 (leaps). ye 60 4s 15 51 Za 
14, Wood Bbl. coe 2 Ci2reips) "74 55 a) 15 4? 26 
ison” * 60m. 7 -(125elbs) "72 60 As 15 51 21 


1/ Temperatures are based on averages obtained during 4-day test periods. 
Night temperatures of produce in barrels were taken in the center of 
various layers with recording thermometers and thermocouples. 


2/ The commodities used in the various tests were as follows: 
Tests Nos. 1&7 — Kale. 

- # 2&8 - Apples. 

" " 3&9 - Cucumbers, Carrots (bunched), and Cabbage. 

x be 4 &11- Snap Beans, Lettuce, Carrots (bunched), Broccoli, 
Cauliflower, and Cabbage. 

a 5, 12 & 14 - Cabbage, Carrots (bunched), Cauliflower, Let- 
tuce, Broccoli, Snap Beans, & Radishes (bunched). 

" " 6, 13, & 15- Cabbage, Carrots (bunched, Cauliflower, Let- 

tuce, Broccoli, Snap Beans, & Green Onions. 

" " 10 - Carrots (bunched), Cucumbers, Lettuce, Green Peas, 

Celery, and Cabbage. 


Effect of Sprinkling with Tap Water on Temperatures of Produce. 


Tests were made with 10 different vegetables to *etermine the effect of sprin- 
kling tap water on the temperature of produce (table 3 ). Temperature readings 
of paired lots of sprinkled and non-sprinkled produce were taken at similar positions 
On non-refrizgerated and mechanically refrigerated display recks. . The vegetables 
were sprinkled 4 times daily, just after the temperatures were recorded. 


Results of the tests show that sprinkling with tap water four times daily had 
no cooling effect upon produce displayed in non-refrigerated and mechanically 
refrigerated display cases. The average daytine temperature of all of the non- 
sprinkled produce was 54.4° and the sprinkled 54.5 F. 


Table 3. Effect of Sprinkling with Tap Water on Temperatures of Produce 


Non-Refrigerated Case During Day In Mechanically Refrigerated Case 


Continuously 
COMMODITY 2° Tah Nrent HO°P, at Night Regular Rack eee 
Not Not Not Not 
Sprin- Sprin- Sprin-. Sprin- Sprin- Sprin- Sprin- Sprin- 
kled. kled kled kled kled kled kled kled 
Pena oF, oR. ae ORE OR ar 
Beans , By 58 60 60 LO 440 62aen 61 
Snap -- -- 62 62 43 Aly 59 59 
De) 5D) Sif Sil 38 3) 60 60 
—— os 58 F 58 =o —— —— —— 
-- == 54 54 a aS as == 
Beets : 54 54 SN 58 As 46 5S 58 
bunched 56 56 59 59 46 46 55 BS) 
Broccoli 54 55 56 Syi/ 40 LO 60 59 
59 58 -- -- Aly Aly -- -= 
-- wn 58 56 ure) 50 -- ~= 
54 54 57 57 al 42 59 60 
Cabbage oe -- -- -- 58 60 -- -- 
Carrots, 53 52 55 ~ 55 42 42 59 61 
bunched -- —— 7h 7H 54 54 eS ie 
60 60 -- -- 17 18, -- -— 
=“ -— 56 54 Ls 16 56 56 
Cauli- ON Sy -- 57 57 Ab 43 59 60 
flower == -— 57 58 46 47 62 63 
60 60 62 62 Lig 50 63 65 
= = 59 58 L6 16 63 62 
care cs By) BY) DS) 5, 63 63 
Cucumbers 51 50 54 54 42 43 SY 56 
58 58 62 60 dpb 43 54 Si 
a= -- 70 69 5a Sab -—- -- 
Lettuce, 55 53 58 57 As 46 61 59 
Iceberg poi 50 Si oie LS 45 58 57 
Onions, 58 5) 60 60 47 47 58 58 
green 
Radishes, == -=— 63 63 4g hg es ae 
bunched 58 59 59 G7) 43 43 58 62 
Osteo 59 59 40 2 5? 5? 
-- -< 60 61 42 42 63 57 


Averages Ba) BRS Om Go lige = TES Eee 
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Shelf Life of Produce Stored Overnight in Produce Barrels or Bora eer awed: 
Rooms and Displayed in Non-Refrigerated Case. 


The effect of the method used for overnight storage on weight loss and shelf 
life was determined for 8 vegetables which included snap beans, Italian sprouting 
broccoli, new cabbage, bunched carrots, cauliflower, Iceberg lettuce, green onions, 
and bunched radishes. 


A description of each type of produce barrel and the method of packing the 
produce is given in the discussion of equipment and methods. The produce was 
displayed in a non-refrigerated case for approximately 10 hours during the day- 
time and stored for about 14 hours at night in either the produce barrels or in 
the 40° F. room. 


A comparison of the temperatures of produce held overnight in each type of 
barrel, and in the 40° room is shown in figure 9. Of 14 paired treatments in 
each type of produce barrel (table 4), only one test showed a material difference 
in the shelf life of the vegetables stored at night in the two barrels. This 
was to be expected since temperatures were essentially the same in the wood and 
metal barrels. Thirtcen of the 14 lots from each barrel were attractive at the 
end of 1 day, 9 after two days, and 4 after three days. In one lot, the broccoli 
in both types of barrels was attractive at the end of 1 day, but at the end of 
the second day, 5 out of 14 bunches in the metal barrel were unattractive whereas 
only one of the 14 bunches in the wooden barrel was unattractive. The difference 
was probably due to the broccoli and not.the method of overnight storage. In one 
test, green beans in both produce barrels had become unattractive at the end of 
the third day, but the beans stored at night in the 4o°F, room were still attrac- 
tive. 


The produce stored overnight in both barrels (table 5) showed practically 
the same increase in weight each day of the test. The average weight of 13 
vegetables 1/ in the metal barrel had increased by approximately 3, 4, and 6 
percent, respectively, at the end of the first, second, and third days of the 
tests, and in the wood barrel by 3, 5, and 6 percent, respectively, while the 
produce stored at night in the 40 room gained only 1, 1, and 2 percent re- 
spectively, due to moisture absorption from sprinkling during the display. 


Shelf Life of Produce Displayed in Ice Bed Case 


Thirty tests (tables 6& 7), involving 76 different lots, were made in an 
ice bed case with the following vegetables: bunched beets, broccoli, new cabbage, 
bunched carrots, cauliflower, cucumbers, lettuce, and bunched radishes. 


Five different methods of handling were studied. At the start of the tests, 
3 to 5 inches of crushed ice was spread over the bottom of the case. ‘The bed 
of ice was replenished daily. After the produce had been arranged on top of the 


1/ The weight changes in radishes were not determined because of their poor con- 
dition at the end of the second day. 
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Table ¥. Effect of Night Storage in a Metal and a Wood Produce Barrel, 
and in a 4O°F. Room on the Attractiveness of Produce After Daytime 
' Display in a Non-Refrigerated Case 


NON-REFRIGERATED RACK DURING DAYTIME 

_Produce Sprinkled 4 Times Daily 

Metal Produce Barrel Wood Produce Barrel OF.” 
At Night _ ae ek At Night __ AMA bt 


Commodity Days Displayed =—s—($s=<sté‘ays Displayed ‘Days Displayed 
ee ey a a an iL 2 i : 
Beans, Tendergreen A A A A A A A A A 

D y be eee ey CMG 
Broccoli A ii) U A A U A A U 
oF A U U A oa U A u 

eae ay ee Ca ey ai a A 
AL _AL A 
Radishes, Bunched U A Pie han U 

Total Attractive Lu s) 4 14 10° 4 L4 10 5 

Total Unattractive © 5 10 8) yh 10 0 4 9 

wan . "Attractive" -- "“U" — "“Unattractivel 


Table 5. Effect of Night Storage in a Metal and in a Wood Produce Barrel, 
and in a 40°F. Room on the Weight af Produce After Daytime Display in 
: a Non-Refrigerated Case 


“NON-REFRIGERATED RACK DURING DAYTIME 
Produce Sprinkled iy | Times Dail 
Metal Produce Barrel Wood Produce Barrel oor Room 


Commodity At Night At Night At Night 
eae Days Displayed Days Displayed Days Displayed 
i 2 1 2 aL 2 

| PF 

Beans, Tendergreen +3 +5 +] +2 pt + ee +e + 
i D ry +1 Ll +5 +S +il +1 pe +3 
Broccoli +5 +7 + +5 0 $8 Fa ey! +0 
8 +4 eh $5 +4 +5 $4 +3043 +3 
Cabbage +1 etl pe a ee. +e al 0 spl, 
tt +1 $l +2. Q $1 pl, =-1 =] =] 
Carrots, Bunched yar +5 5 45 +6 45 $3 +} 4h 
C a +44 oe 3°) +5 +9 +9 On Are +1 
Cauliflower +2 +3 $e $e. ah +3 Pe 2 $e 
W +e +3 45 +2 $3 apt fe) <1 =-2 
Lettuce +3 $5 +L3 +3 5 $18 +2 +2 +L1 
u) +e + $4 +9 +e “et Q 0 0 
Onions, Green +e +4 +2 p44 EO 2 Saeed aT a) -5 


AVERAGES 42.8 +4.2 45.7 $302 +47 POses « Pico, eles oye 


Ons 


ice bed different lots were subjected to the following treatments: 


1. The produce was garnished with a thin layer of crushed ice 3 times 
during the daytime and once with a thick layer at night. It was not 
sprinkled at any time. 


2. The produce was garnished only at night with a thick layer of crushed 
ice and was sprinkled 4 times daily. 


3. The produce was garnished with ice at night as in (2) but was not 
sprinkled at any time. 


4, The produce was not garnished at any time and was sprinkled 4 times 
daily. 


5. The produce was not garnished or sprinkled at any time. 


The vegetables were displayed for approximately 10 hours during the daytime 
and covered with heavy paper during the night. 


When produce was handled as described under (1) (garnished several times 
daily) all lots were attractive at the end of the first day; of 30 lots, 97 per- 
cent were attractive after two days, and 83 percent after three days. 


When vegetables were garnished with ice only at night and sprinkled several 
times daily, all lots remained attractive for one day; of 24 lots 96 percent were 
attractive after two days, and 88 percent after three days. 


When the vegetables were garnished with ice only at night and not sprinkled, all 
lots were attractive for one day; of 22 lots, 95 percent were attractive for two 
days, and 86 percent after 3 days. 


Only two tests were made with produce which had not been garnished with ice 
at any time - one with broccoli and one with bunched radishes. The sprinkled 
and the non-sprinkled lots of broccoli were both attractive at the end of the 
first day. Both lots were unattractive at the end of the second day but the 
non-sprinkled broccoli had deteriorated in quality to a greater extent than the 
sprinkled lot. The sprinkled and non-sprinkled lots of radishes were both un- 
attractive at the end of the first day, the sprinkled lot showing greater 
deterioration because of slimy leaves. 


No moisture losses occurred in any of the produce that had been garnished with 
ice several times daily and several lots of vegetables had gained appreciably in 
weight, 


Of the produce which had been garnished only at night, all of the sprinkled 
lots gained in weight except cucumbers which maintained their original weight. 
The non-sprinkled lots showed no change or very slight loss of weight in most 
tests; only a few lots gained or lost appreciable weight. 


Of the two tests that were made with produce which had not been garnished 
at any time, the non-sprinkled broccoli lost 3, 6, and 8 percent in weight 
after 1, 2, and 3 days, respectively, while the sprinkled lot lost 1 percent 
during the first day but gained 2 and 4 percent, respectively, during the 
second and third days. Weight changes in the bunched radishes were not ob- 
tained after the first day because of their poor condition. At the end of the 
first day however, the non-sprinkled radishes had lost 4 percent while the 
sprinkled lot had lost 2 percent in weight. 
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Shelf Life of Produce Displayed in a Mechanically Refrigerated 
Case on the Regular Rack and on a False Bottom Rack 


Twenty-two tests were made with paired treatments of produce displayed on a 
false bottom and on the regular rack in a mechanically refrigerated case 
(convection type). 


The produce displayed on the regular rack remained attractive longer than that 
displayed on the false bottom rack (table 8), 


Of 22 lots of sprinkled produce, all remained attractive on both types of 
racks for one day; all were attractive on the regular rack but only 77 percent of 
the lots on the false bottom rack were attractive by the end of the second day; 
and after three days, 95 percent on the regular rack but only 32 percent of the 
sprinkled lots on the false bottom rack were attractive. Non—sprinkled produce 
also showed greater deterioretion when displayed on the false bottom rack than on 
the regular rack in the mechanically refrigerated case. 


Table §&. Attractiveness of Prodnce Displayed on a False Bottom Rack 
and on the Regular Rack in a Mechanically Refrigerated Case 


Regular Rack False Bottom Rack 
Not Not 
Commodity _ Sprinkled _—_— Sprinkled sprinkled. Sprinkled 
Days Days Days Days 
DS ES iene ghd ee Ne tna cas 2) ey en tee) 
Beans,Valentine- A ANE ReA: AG A ie A A AoA A A A 
2 a A Alen Ay eA A A A A A A 
iis Waders A Ave Kk Aly Ree Ak A AA A A A 
Beets, Bunched A ARRAS Y Ngan Sage A A A A U 
prikiennti ae ie A ANAC jy ACS Anas A ALY A A U 
Broceoli A AS ZA) dpa) soe = A Aa A A U 
peel Pee we ASS GR AN AOR A Ao A A U 
Cannots,. Suncheds Ain Ue U AS AG ae U Oj 8 A U U 
moe § A ASU Ace AUER: A AU A A Us: 
Cauliflower BieoieivRes ACTA Ale che A View Vad U U 
WW A i Ngee AG ee A AU A U U 
e A Ae 6. Ae AEA A INE) A A U 
e A Aan GAVE Reh Ae oR A A A A A U 
Seas. A AeA Abe AUS ER A A_A A A A 
Cucumbers A Nee SU oWpereee Ube ney - 6 A Vee A U U 
A AeA d endey Wns A AA A A A 
Lettuce _ A Ae eth ANAS. ee A ACA A A A 
Gruen cee oa A d Niet: y Nissi: aoe’ =\ A A_A A A A 
Onions, green A yee 728 die Niemen A Uae A U U 
Radishes, Bunched A ia Aa AGA U WW A A U 
s a A ALS AOR CA A AU A A U 
east A Aenea! PA BO A Book Ae U 
Hoval Atoractive 22 -2Omion We 2t ae mtoih ag) 120g eo 22) wenlsy, 7 
Percent " TOOT Sa 73 OOM HOON 95. ya On 77 OO e/a aoe 


NA® equals "Attractive" "JU" equals "Unattractive" 
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Effects of Sprinkling and Not Sprinkling on the Shelf Life and 
Weight Changes of Produce in Retail Store 
Display Cases 


The results of studies based upon paired treatments of sprinkled and non- 
sprinkled produce from the same lots have been summarized in tables 9 and 10. 
These studies cover 98 separate treatments with 10 different vegetables. This 
discussion is confined to produce displayed continuously in a mechanically re- 
frigerated case and in a non-refrigerated case during the daytime and stored 
-at night at 32°, 40°, ana 50°F. 


The produce was displayed for approximately 10 hours during the daytime in 
the non-refrigerated case and held at night in the walk-in storage rooms. The 
produce in the mechanically refrigerated case was displayed on a false bottom 
rack and on the regular rack furnished with the case. It was covered with heavy 
paper and left in the case at night. 


In the sprinkled treatments, the produce was sprayed lightly with tap water 
4 times daily. 


Ninety-six percent of the sprinkled and 94 percent of the non-sprinkled lots 
were attractive at the end of the lst day; 86 percent of the sprinkled and 78 
percent of the non-sprinkled lots were attractive after 2 days; and 58 percent 
of the sprinkled and 48 percent of the non-sprinkled lots were attractive at the 
end of the third day. 


Table 9. Attractiveness of Produce 1/ as Affected by Sprinkling 
and Not Sprinkling in Retail Store Display Cases. 


Number of lots Attractive at End of 1, 2, and Days 


Treatments 


Sprin- 
kled 


Non-refrigerated 
rack during daytime 


2°F, room at night ie 1 1 il 16 8 iat 
4,00 Mi Aes A 29 26 28 2 24 We 16 
0 Ae ee 7 rT 1 i 1 1 a 


Mechanically refrig- 
erated case 


On rezular rack 29 28 28 22 2 ail 22 
On false bottom 22 20 20 16 16 9 

Totals 98 2 4 6 84 4 

Percent Attractive a 6 8 86 48 8 


1/ Snap Beans, bunched beets, broccoli, cabbage, bunched carrots, cauliflower, 
cucumbers, lettuce, green onions and bunched radishes. 
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Considerable differences in weight were found between the sprinkied and the 
non-sprinkled produce. The sprinkled produce in the 94 paired treatments summar- 
ized in tablelO showed one percent moisture gain during the 3-day test periods. 
The non-sprinkled produce-lost from 2.6 to 3-5 percent in 1 day, from 4.5 to 6.5 
percent in 2 days, and from 6.4 to 9.2 percent in 3 days. 


The moisture changes reported for each day were based upon the original 
weights of the produce at the start of the tests. 


TablelO. Moisture Changes in Produce 1/ es Affected by Sprinkling 
and Not Sprinkling in Retail Store Display Cases 


Moisture Changes at End of lst, 2nd, and 3rd Days 


Treatments Total 1st Day end Day 3rd Day 


lots 

in each Non- Non- Non- 
treat- Sprin- Sprin- Sprin- Sprin- Sprin- Sprin- 
ment kled ered _kled kled __kled kled 


Non-refrigerated 
case during daytime 


B20 room at night ALY? =2.6 +0. 54 +14 -7 9 +14 
4.09 ee he! 27 -2.8 +0. -5 6 geil al ~8 4 aS) 


Mechanically refrig- 
erated case 


=9.2 -0.2 


aly Snap beans, punched beets, broccoli, cabbage, bunched carrots, cauliflower, 
cucumbers, lettuce, green onions and bunched radishes. 


Detailed Studies of Individual Vegetables 
Beans, Snap 


Three lots of Black Valentine, 2 lots of Tendergreen, and 1 lot of the Wade 
variety of snap beans were used in these tests. The beans were displayed con- 
tinuously for several days in a mechanically refrigerated and in an ice bed case. 
They were also displeyed on a non-refrigerated rack during the daytime and stored 
at night in iced produce barrels and in walk-in "coolers" held at 32, and 40 F. 
and high humidity. Duplicate lots on each rack were sprinkled or garnished with 
crushed ice several times daily. The beans were arranged in each lot 7 inches 
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deep, extending from the front to the back of the cases. The average pacer ae room 
air temperatures during each of the six 3-day testing periods were 73°, 73°, 74°, 


Mio. 75°,iand), 762. 


The highest average daytime produce temperatures, 55° to 60°F. occurred in 
the beans displayed in the non-refrigerated case and on the false bottom rack in 
the mechanically refrigerated case. 


The beans remained in good condition and were attractive for 2 days under 
all of the various handling practices. After 3 days only one lot was unattractive 
although some beans were drying and slightly flabby in several other lots under 
various handling practices. 


Russeting of the pods developed in only one lot of beans during the testing 
periods in which 6 different lots were tested under various conditions of 
moisture and temperature. The other lots of beans, displayed and stored under 
Similar conditions, failed to show any russeting. The previous history of the 
beans before being placed in the disnlay cases may have had an important bearing 
unon the development of russeting. 


The natural color of the beans remained generally good throughout the various 
tests. The most important changes in the beans under the various handling practices 
were losses or gains in weight due to the evaporation or absorption of moisture. 
Decay was of no importance under any of the various methods of handling during the 
3-day tests. Only an occasional bean was affected with decay. 


Beans that were not wet lost 43, 5, and 8 percent in weight, respectively, by 
the end of the first, second, and third days of the tests. Beans that had been 
garnished or sprinkled daily in the ice bed case gained 6 percent, and those 
stored at night in the iced produce barrel had gained & percent by the end of the 
third day. Sprinkled beans in the non-refrigerated and in the mechanically re- 
frigerated cases gained 2 percent in weight. 


Beans whose average temperatures in these tests ranged from 38° to 60° F 
remained in good condition and were attractive at the end of the 3-day tests. 
In the non-sprinkled lots, moisture losses not only reduced the weight but also 
resulted in lowered quality, as evidenced by the drying of the pods after ex- 
posure on the display racks for three days. Although the non-sprinkled beans 
had an attractive appearance at the end of the third day and were generally crisp, 
some were slightly flabby. Excessive moisture losses had caused some drying of 
the pods that was not apparent upon casual observation. 


Suggestions for Retail Store Operators 


Snap beans having average temperatures as high as 60°F. remained in good 
condition for three days. When displayed on non-refrigerated racks during the 
daytime, snap beans should be stored at night at 40° to 50° F. When beans are 
given such night care or are held in mechanically refrigerated cases, sprinkling 
prolongs their shelf life by preventing moisture losses that cause drying and 
flabbdiness of the pods. 
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Beets, Bunched 
Bunched beets from North and South Carolina and from nearby Maryland were 
used in these tests. The Carolina beets were obtained in original containers 
from the Washington, D.C., wholesale produce market and the Maryland beets were 
hauled directly from the field to a cold storage room at the U. S. Bureau of Plant 
Industry Station, Beltsville, Maryland. 


They were displayed for several days in mechanically refrigerated and ice bed 
cases continuously and on a non=-refrigerated rack during the daytime and stored 
at night in iced produce barrels and in walk-in "coolers" held at 300 and 40°F. 
and high humidity. Duplicate lots on each rack were sprinkled or garnished 4 times 
daily. The bunches of beets were arranged in each of the display cases 3 layers 
deep and extended from the front to the back. 


The important defects that developed in the bunched beets were spongy roots 
and wilted, yellow, and decayed leaves. The beets under all methods of handling 
remained, attractive for 2 days although slight wilting of the leaves had begun 
during the first day. Wilting of the leaves and sponginess of the roots, es- 
pecially in the upper layers progressed each day in the non-sprinkled lots, where- 
as the sprinkled beets remained turgid during the 3-day tests. 


The non-sprinkled beets lost 1 to 4 percent in weight because of moisture 
evaporation during the first day, up to 7 percent through the second day, and as 
mich as 10 percent by the end of the third day. The greatest moisture losses 
occurred in the non=sprinkled beets on the false bottom rack in the mechanically 
refrigerated case. The sprinkled or ice garnished beets on the various racks 
showed material gains in weight at the end of each day of the tests. 


A few slimy and slightly yellow leaves were found in the beets that had been 
displayed on the false bottom rack in the mechanically refrizerated case and in 
the sprinkled beets on the non-refrigerated rack. The daytime temperatures of the 
beets on these racks ranged from 54° to 59°F, Practically no yellowing or decay 
developed in the beets on the regular rack in the mechanically refrigerated case 
or in the ice bed case. The daytime beet temperatures on these racks averaged 
less than 50°F, 


A few watersoaked leaves were present in the sprinkled lots on the non- 
refrigerated rack at the end of the third day. 


The sprinkled beets in each of the display cases and the beets under all of 
the handling methods in the ice bed case remained crisp, green, practically free 
from decay, and were attractive at the end of the third day, whereas the beets 
that had not been sprinkled or wet by garnished ice had become wilted, spongy, 
and unattractive. 


Suggestions for Retail Store Operators 


Bunched beets should be kept as cool as possible during both day and night 
unless they are moved rapidly into consuming channels. Temperatures as low as 
32°F, will not injure bunched beets and will prolong their shelf life. Beets 
that have been displayed during the daytime on non-refrigerated racks should be 
stored under, refrigeration at night. 


Both tops and roots of bunched beets should be lightly sprinkled with water 
several times daily to prevent wilting of the leaves and sponginess of the roots. 
Heavy sprinkling of the closely matted leaves should be avoided. Too much water, 
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especially when the temperatures are high, provides ideal conditions for the develop- 
ment of decay. The beets in the upper layers are usually the first to become wilted 
and spongy, while those in the lower layers remain crisp and firm. It is desirable 
to apply only enough water to keep the beets moist in the upper layers. 


Broccoli, Italian Sprouting 


Eight different lots of Italian sprouting broccoli from California, Texas, 
and Pennsylvania were obtained in original containers from the Washington, D.C. 
wholesale produce market. This broccoli was studied under several different 
methods of handling that, so far as possible, simulated certain retail store 
practices. 


The broccoli was displayed for several days in mechanically refrigerated and 
ice bed cases continuously and on a non-refrigerated rack during the daytime and 
stored at night in iced produce barrels and in walkin "coolers" held at 32° and 
40°F, and high humidity. Duplicate lots on racks were sprinkled or garnished 4 
times daily. The broccoli was arranged in each case with the butts down, 1 layer 
deep, and extending from the front to the back of the rack. 


Variable conditions of the broccoli when received from the wholesale produce 
market caused some irregularities in the results obtained during the tests of 
different handling practices. Some lots of broccoli remained attractive after 
3 days in the display cases whereas other lots were unattractive after 2 days 
under similar conditions of moisture and temperature. 


The average display room air temperatures during each of the 3-day testing 
Merledeiworel fa 9 (Oe, Poy Perera eo fo 4s) (oO guand., 79.2. 


The principal defects of a progressive nature that developed in the broc- 
coli while displayed in 3 retail store type of cases were wilting of the leaves 
and wilting and yellowing of the buds. The leaves retained their characteristic 
green color under all of the handling methods. Decay was of importance in a 
few lots of sprinkled broccoli on the non-refrigerated rack in which the average 
daily temperature of the broccoli was above 55°F. This high produce temperature 
together with high humidity provided ideal conditions for the development of 
decay with consequent off odors. 


Of 44 separate lots of broccoli, all were still attractive under each of 
the handling practices at the end of the lst day; 10 were unattractive at the 
end of the 2nd day, and 22 were unattractive after 3 days. During the second 
day, unattractive displays of broccoli were found under all handling methods 
except the sprinkled lots on the regular rack in the mechanically refrigerated 
case and the garnished broccoli in the ice bed case. After 3 days, some un- 
attractive lots of broccoli were found under all handling practices. 


Yellow or bronzed buds occurred under all methods of handling, including 
both sprinkled and non-sprinkled broccoli. The broccoli that had been 
garnished with crushed ice in the ice bed case showed the least discoloration 
of the buds. 
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The broccoli that had not been sprinkled or wet at any time showed wilting 
in varying degrees. The wilting occurred in the leaves first, then in the 
buds. The greatest amount of wilting occurred in the non-sprinkled broccoli 
on the false bottom rack in the mechanically refrigerated case. 


Sprinkled or garnished broccoli remained turgid throughout the 3-day tests 
in the various display cases. 


The greatest weight losses, due to moisture evaporation, occurred in the 
broccoli that had not been sprinkled or garnished at any time. Broccoli that 
had been stored at night in the iced produce barrel gained the most weight 
during each day of the tests, and that which had been garnished several times 
daily in the ice bed case had the second highest gain in weight. 


Suggestions for Retail Store Operators 


Italian sprouting broccoli should be sprinkled or garnished several times 
daily to prevent wilting and material weight losses due to moisture evaporation. 
Light sprinkling is more desirable than a heavy wetting, especially at high tem- 
peratures when excessively wet produce is more likely to develop decay. 


Low temperatures with high humidity gave best results in keeping the broccoli 


fresh, turgid, and attractive. Low temperatures were the most desirable, and 
temperatures as low as 32°F. do not injure broccoli. 


Broccoli that has been displayed on a non-refrigerated rack during the day- 
time should be held at night in an iced produce barrel or in a 32° or a 40°F. 
refrigerated storage room. Night refrigeration results in lower daytime produce 
temperatures. 


Broccoli displayed on a false bottom rack deteriorates much more guickly 
than that displayed on the regular rack in a mechanically refrigerated case. 


When displayed in an ice bed case, the broccoli should be garnished with 
crushed ice or sprinkled several times daily to prolong the shelf life. 


Carrots, Bunched 


Seven different lots of bunched carrots from California and Texas were 
used in a study of the effect of various handling practices on their shelf life. 
All of the carrots were obtained in original containers from the Washington, D.C. 
wholesale produce market. 


Variable conditions of the carrots when received from the wholesale pro- 
duce market caused some irregulerities in the results obtained during the 
tests of different handling methods. Some carrots remained in good condition 
longer than others that had been held under similar conditions of temperature 
and moisture. he guality of the different lots of carrots varied widely. 
Some lots were found to be very attractive when removed from the original con- 
talners, while other lots were very unattractive due to the presence of yellow 
and discolored leaves or shriveled roots. Considerable trimming of the defec-— 
tive parts was necessary and some bunches of carrots were discarded entirely 
from these lots. 
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After trimming and sorting into representative lots, the carrots were arranged 
ina non-refrigerated and a mechanically refrigerated case and in an ice bed case. 
In each display case duplicate lots were non-sprinkled and sprinkled or garnished 
with crushed ice four times daily, Bunched carrots that had been displayed dur- 
ing the daytime in the non-refrigerated case were held overnight in iced produce 
barrels and in walk-in "coolers" held at 32° and 40°F. and high humidity. 


The average display room air temperatures during each of the 3-day testing 
periods were 72°, 73°, 74°, 75°, 75°, 79° and 90°F. 


The principal defects that developed under the various handling practices 
were flabbiness, shriveling, and discoloration of the roots and "root-tails", 
and yellow and discolored leaves. Decay was of no importance except in one lot 
of sprinkled carrots that had been displayed in the non-refrigerated case and 
stored at night in the 40°F. room. In this lot, most root-tails had become slimy 
and discolored during the 2nd day, and at the end of the third day all of these 
"tails" were discolored and slimy. The average daytime display room air temper- 
ature during this 3-day test was 90° and the average daytime carrot temperature 
was 74°. Moisture from sprinkling several times at these high temperatures pro-. 
vided ideal conditions for the development of the slimy decay. Only an occasional 
slimy root-tail was found under the other handling practices in this test or in 
other 3-day tests of bunched carrots. 


The color of the leaves was generally good during the first day under all 
handling practices, but some yellow and discolored leaves were present at the 
end of the second day. Yellowing and discoloration of the leaves was very 
irregular after 3 days, with some lots showing many such leeves while other lots 
were still in good condition under similar handling conditions. 


Most wilted leaves and flabby, shriveled, and discolored roots were found 
in the non-sprinkled carrots on all display racks. The percentage of such de- 
fects was especially high in the carrots that had been displayed on the false 
bottom rack in the mechanically refrigerated case. No wilted leaves or flabby, 
shriveled, or discolored roots were present at the end of the third day in 
carrots that had been stored at night in the produce barrel. No wilted leaves 
but a few flabby, shriveled, and discolored roots were found in practically all 
other sprinkled lots, especially in the upper layers of bunches where the roots 
were exposed to the display room air temperatures. 


Although low temperatures and sprinkling of the carrots are both highly 
desirable, sprinkling was of benefit even at ordinary display room air temper- 
atures. Some sprinkled carrots whose temperatures were as high as 63°F . had 
remained attractive for 2 days, whereas some lots of non-sprinkled carrots in 
which the temperatures were as low as 45° had become unattractive. Sprinkled 
carrots whose temperatures wcre 55° or lower were in the best condition after 
3. days in the display casés. 


Suggestions for Retail Store Operators 


Bunched carrots should be sold not later than the second day on the display 
racEs, preferably during the first day. Yellow or discolored leaves, or flabby 
and shriveled roots can be expected on the third day except, possibly, under 
ideal conditions of temperature and moisture. 


Bs 


The leaves of non-sprinkled carrots wilt rapidly and the roots soon become 
flabby and shriveled, especially in the upper layers of bunches. Sprinkling 
prolongs the shelf life of carrots by preserving a fresh appearance of the 
leaves and firmness of the roots. Light sprinkling gave better results than 
heavy wetting of the bunches. Only enough sprinkling should be done to pre- 

. vent drying of the tops and roots in the upper layers. 


Bunched carrots that have been displayed on a false bottom rack will deteri- 
orate more rapidly than when placed on the regular rack in a mechanically refrig-—- 
erated case. 


Bunched carrots that have been displayed in a non-refrigerated case during 
the daytime should be well refrigerated at night. Night storage in iced produce 
barrels or in 32° to 40°F, walk-in "coolers" will result in lower carrot temper- 
atures during most of the following day. 


When displayed in an ice bed case, garnishing or lightly sprinkling the 
carrots several times daily prolongs their shelf life. 


Cauliflower 


Hight different lots of cauliflower were tested under various methods of 
handling during 1950 and 1951. The cauliflower used in these tests was grown 
in California, Arizona, and Long Island, New York. 


It was displayed for several days in mechanically refrigerated and ice bed 
cases. It was also displayed on a non=-refrigerated rack during the daytime and 
stored at night in iced produce barrels and in walk-in "coolers" held at 32° 
and 40°F. and high humidity. Duplicate lots on each rack were sprinkled or 
garnished 4 times daily. The cauliflower was arranged in each case with the 
butts down, 1 layer deep, and extending from the front to the back of the rack. 


Variations which occurred in the different tests were probably due to the 
previous history of the cauliflower before it had been obtained from the whole- 
sale produce market. At the end of the first day in the display cases, the 
cauliflower in all tests was attractive, regardless of the type of display case 
or the kind of day and night treatment. At the end of the second and third days 
there was considerable irregularity in the attractiveness of the cauliflower that 
had been treated in a similar manner during different testing periods. In some 
tests the cauliflower remained attractive throughout the test period, whereas in 
other tests it became unattractive at the end of the second day in each of the 
display cases. 


The principal defects that developed in the cauliflower under the various 
handling practices were spotted discoloration and flabby condition of the curds, 
and wilting and some yellowing of the leaves. 


The average display room air temperatures during the different tests were 
71°, 73°, 74°, 75°, 76°, 76°, 76° od 80F. In the 3-day test period, during which 
the average room temperature was 80°, the average produce temperatures under 
the various handling practices were a few degrees higher than when the displaye 
room air temperatures were lower. However, the cauliflower under all methods 
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of handling during this test was still attractive at the end of the second day. 


More spotting occurred in the sprinkled lots of cauliflower than in the non- 
sprinkled, especially at the higher temperature on some of the display racks. 
During the second day increased spotting of the curds occurred in the cauliflower 
in which the daytime produce temperatures were above 50°F. This spotting was 
most prevalent in the sprinkled lots that had been displayed in the non-refrig- 
erated case and on the false bottom rack in the mechanically refrigereted case. 
Only very slight spotting had occurred in the cauliflower displayed on the re- 
gular rack in the mechanically refrigerated case or in the lots in the ice bed 
case where daytime temperatures were 55° or lower. 


Consistently more wilting of the leaves, flabbiness of the curds, and greater 
weight losses occurred in the cauliflower that had not been sprinkled than in the 
sprinkled or garnished lots. Wilting of both leaves and curds increased daily in 
the non~sprinkled cauliflower until at the end of the third day, both leaves and 
curds in practically all non-sprinkled lots were slightly to materially wilted. 
The sprinkled lots in all display cases and the ice-garnished lots in the ice bed 
case were generally crisp and firm throughout the 3-day tests. 


No decay was present in any lot at the end of the third day and yellowing of 
the leaves was of little importance. 


Sprinkled cauliflower that had been stored at night in the produce barrel 
and that which had been garnished or sprinkled in the ice bed case gained 
appreciably in weight during the second and third days but little change in weight 
occurred in the other sprinkled lots. The non-sprinkled lots had decreased 2 to 
5 percent, 3 to & percent, and 5 to 11 percent, respectively in weight a the end 
of the first, second, and third days due to moisture losses. 


Suggestions for Retail Store Operators 


Sprinkling or garnishing will reduce weight losses from moisture evapora- 
tion and will lessen, if not entirely prevent, wilting of the leaves and flabbiness 
of the curds. However, when the average temperature of the cauliflower is above 
50°F. sprinkling has a tendency to cause spotting of the curds. 


Cauliflower should be kept as cool as possible ~ temperatures as low as 32°F. 
will not injure cauliflower but will prolong its shelf life. 


Cauliflower that has been displayed on non-refrigerated racks during the 
daytime should be stored at night in an iced produce barrel or in a refrigerated 
storage room. 


Low temperatures and high humidity slow down the aging process of cauli- 
flower. 
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Cucumbers 


Cucumbers used in these tests were obtained in original containers from the 
Washington, D. C. wholesale produce market. They were grown in Florida and in 
New York. 


The cucumbers were arrenged in a non-refrigerated case, a mechanically re- 
frigerated case and in an ice bed case. In each displey case duplicate lots were 
non-sprinkled and sprinkled or garnished with crushed ice four times daily. Cucum- 
bers that had been displayed during the daytime in the non-refrigerated case were 
held overnight in iced produce barrels and in walk-in "coolers" with temperatures 
of 32° and HO°F. and high humidity. The cucumbers were 6 to 8 inches deep and ex- 
tended from the front to the back of the racks. 


In addition to the above described handling practices in the display cases, 
duplicate lots of cucumbers were stored in rooms held at 33°, 36°, 40°, and 50°P. 
to determine the effect of low storage temperatures upon the keeping quality when 
subsequently exposed to display room air temperatures. : 
Shriveled and soft ends were the principsl defects found in the cucumbers 
that had been displayed under verying conditions in different types of retail 
store produce cases. These defects developed under all handling practices. Some 
yellowing occurred in both sprinkled and non-sprinkled cucumbers in one Lot that 
had showed signs of aging when obtained from the wholesaler. No yellowing occurred 
in any other lot during the 3-day tests. Practically no decay developed under any 
of the various methods of handling. 


In most lots there were no material differences in the weights of the sprinkle 
and the non~sprinkled cucumbers. In one lot that was in only fair condition when 
obtained at the wholesale produce market, the non-sprinkled cucumbers lost 2 to 3 
percent more. in weight than the sprinkled lot. In all other lots, no appreciable 
changes in weight occurred under any of the different handling practices, the 
cucumbers usually maintaining their original weight or losing not more than 1 per- 
cent because of moisture changes. 


Studies of cucumbers stored continuously for 6 days in walk-in "coolers" 
held at 33°, 36°, 40°, and 50°F. and high humidity showed that more rapid deter— 
ioration occurred at storage temperatures of 40° and lower than at 50°. This 
deterioration was principally due to the development of numerous pitted areas 
which were followed by decay when the cucumbers were exposed to room temperatures 
for 1 or 2 days. No pitting was present on cucumbers that had been stored for 3 
weeks at 50°, although yellowing and decay had developed during this excessively 
long storage period. The percentage of salable cucumbers was greater in the 
cucumbers stored at 50° than in the lots stored at lower temperatures. 


Suggestions for Retail Store Operators 


Cucumbers may be displayed satisfactorily for a few deys under any of the 
various handling practices. However, they will retain better quality for a 
longer period of time at temperatures of about 50°F. than at lower temperatures. 
Cucumbers that have been subjected to low temperatures for several days are 
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likely to become decayed soon after exposure to room temperatures. However, cucum- 
bers will not be injured when held for a short time at temperatures as low as 35°F. 


No appreciable differences were found in the shelf life of sprinkled cucumbers 
and those that had not been sprinkled. 


Lettuce, Iceberg Type 


The five different lots of lettuce that were used in these tests were obtained 
in ofiginal containers from the Washington, D.C. wholesale produce market. The 
tettucé was grown in California. 


It was tested for several days under varying conditions. Non-refrigerated, 
mechanically refrigerated, and ice bed cases were operated to simulate certain re- 
tail store conditions. Duplicate lots of lettuce were sprinkled or garnished with 
crushed ice several times daily, or not sprinkled at any time. Some lots that had 
been displayed during the daytime in the non-refrigerated case were held at night 
in a produce barrel, and in 32° and 40°F. storage rooms. 


The average daytime display room air temperatures during each of the 3-day 


tests were 73°, 74°, 74°, 75°, and 76°. 


Loss of quality, size, and weight of the lettuce was caused principally by 
loose leaves that became detached in ordinary handling and by withered leaves 
which resulted from excessive moisture evaporation. 


ter one day, there were only small differences in the net weights of lettuce 
displayed under the various handling methods. The non-sprinkled or dry lettuce 
lost 2 percent but no appreciable change in weight occurred with any of the other 
treatments. 


The greatest total weight losses during the 3-day tests occurred in the 
lettuce that had not been sprinkled. These losses were due to withered leaves 
and weight decreases caused by moisture evaporation. 


The largest amount of withering occurred in the non-sprinkled lettuce in all 
display cases, and the least amount was found in the lettuce that had been stored 
in the produce barrel at night. 


The greatest loose leaf loss was found in the lettuce that had been held at 
night in the produce barrel, and the least amount of loose leaves was in the non- 
sprinkled lettuce in all display cases. 


Hight percent of slimy decay had developed by the third day in one lot of 
sprinkled lettuce that had been displayed on the false bottom rack but decay was 
not an important factor in any other lot. 


Lettuce under all handling practices remained attractive for 1 day without 
reconditioning. fter the second and third days, trimming of damaged leaves was 
necessary to improve the appearance of the lettuce in most lots. 


Slips 
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Suggestions for Retail Store Operators 


Lettuce displayed in a mechanically refrigerated case or on a non-refrigerated 
rack should be lightly sprinkled several times daily. When displayed in an ice 
bed case it should be garnished with crushed ice daily or sprinkled several times 
during the daytime and garnished with a heavy layer of crushed ice when prepared 
for night storage. 


Lettuce that has been displayed during the daytime in non-refrigerated cases 
should be refrigerated at night. lettuce will retain its most desirable qualities 
at low temperatures and high humidity. Temperatures as low as 32°F. will not in- 
jure lettuce and will be beneficial. ; 


Onions, Green (bunched) 


Two separate lots of bunched green onions were used in the tests. They were 
obtained in original containers from the Washington, D. C. wholesale produce 
market. . 


The onions were fresh, green, turgid, free from decay, and attractive when 
placed on the display recks where they were subjected to various handling 
practices. Non-refrigerated, mechanically refrigerated and ice bed cases were 
operated to simulate certain retail store conditions, Duplicate lots of onions 
were sprinkled or garnished with crushed ice several times daily or not svrinkled 
at any time. Some lots were garnished only when the produce was prepared for night 
storage. Duplicate lots that had been displayed during the daytime in the non- 
refrigerated case were held at night in a produce barrel and in 32° and O°F. 
storage rooms. 


The average daytime display room air temperatures during each of the 3-day 
test periods were 73° and 75°F. 


The onions under all handling methods remained turgid, free from decay, and 
attractive at the end of tre Ist day, although a few slightly yellowed leaves were 
present in practically all lots. The non-sprinkled onions had lost some moisture 
but the onions that had been garnished or sprinkled several times daily had 
gained in weight. 


Yellowing of the leaves was the predominant defect that caused the onions 
to be unattractive, although slimy leaf tips, and dry and slightly brownish 
reots were present in some lots. Most yellowing of the leaves occurred at the 
higher temperatures and some was found in all except two lots at the end of the 
second day of the test. 


After 2 days both sprinkled and non=-sprinkled onions on the false bottom 
rack and those which were displayed on the non-refrigerated rack during the day- 
time and held overnight in the 40°F. room, had become unattractive because of 
many yellow leaves. The average daytime temperatures of each of these lots were 
B62 to 60°R. 


After 3 days, all lots were unattractive except those on the regular rack 
in the mechanically refrigerated case and those in the ice bed case. 
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The roots of non-sprinkled onions were drying and had become slightly brown at 
the end of the third day, whereas the roots of the sprinkled onions still had a 
fresh appearance. 


Onions whose average daytime temperatures were approximately 40° to 50°F. re- 
mained attractive for 3 days while those averaging 55° to 65° had become unattrac- 
tive because of yellow leaves. 


At the higher temperatures, the sprinkled onions showed somewhat more decay 
than those that had not been sprinkled. Practically no decay was found in any of 
the non-sprinkled lots or in the 3 lots in the ice bed case. 


The onions that had been displayed on the false bottom rack in the mechanically 
refrigerated case deteriorated more quickly than those with any of the other methods 
of handling, and, at the end of the second day, they had become unattractive because 
of yellow leaves. 


High temperatures accelerated and low temperatures retarded the development 
of yellow and decayed leaves. 


Suggestions for Retail Store Operators 


Green onions should be kept as cool as possible both day and night. Low tem- 
peratures are more important than sprinkling, but both are desirable. Onions may 
be held as low as 32°F. without injury. 


Onions that have been displayed during the daytime on non-refrigerated racks 
should be stored at night in a produce barrel or in rooms held at temperatures 


below HO°F. 


Green onions are subject to rapid deterioration due to heating and there- 
fore, should be moved through retail channels as quickly as possible. 


At high temperatures on display racks, sprinkling should be held to a mini- 
mum, possibly discontinued entirely. Slimy decey which might be increased by 
sprinkling at high temperatures would be more objectionable than loss of moisture. 


Green onions should not be displayed on false bottom racks in mechanically 
refrigerated cases unless they can be moved into consumption during the first day 
on the racks. 


Reserve supplies of green onions should be kept well refrigerated. Crushed 
ice will supply desirable temperatures and humidity, When stored in low tem- 
perature rooms, sprinkling with water would be beneficial. 


Hadishes, Buncheda 


Five separate and distinct lots of bunched radishes were obtained in original 
containers from the Washington, D. C. wholesale produce market. The various lots 
were stated to have been grown in Florida, South Carolina, Pennsylvania, and Ohio. 


This report covers studies made with bunched radishes tested for several days 
under varying conditions. Non-refrigerated, mechanically refrigerated, and ice 
bed cases were operated to simulate certain retail store conditions. Duplicate 
lots of radishes were sprinkled or garnished with crushed ice several times daily, 
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or not sprinkled at any time. Some lots were garnished only when the produce was 
prepared for night storage. Duplicate lots that had been displayed during the day- 
time in the non-refrigerated case were held at night in a produce barrel and in 
32° and 40°F. storage rooms. 


Before they were arranged in the display cases the radishes were trimmed and 


sorted to remove defective parts that were apnvarent on careful exemination of each 
of the bunches. Re-bunching of some lots was necessary to make the radishes 
sufficiently attractive for test purposes. 


When the radishes were placed on the display racks, they all had an attrac- 
tive appearance. However, some lots were inherently weak, as evidenced by their 
short shelf life when compared with others that remained attractive as much as two 
days longer under similar conditions of moisture and displey room air and produce 
temperatures. The previous history of the radishes before reaching the retailer 
appears to have had a greater effect upon their shelf life than the method of 
handling commonly practiced by the retail store operators. In the tests covered 
by this report, some lots had become yellow, slimy, and unattractive at theed of 
the first day, whereas other lots remained attractive throughout the 3-day test 
pericds. 


The average daytime display room air temperatures during each of the 3-day 
testsiwoere: (ie. FOr, fO>, and (9 civ. 


The predominant defects of the radishes were yellow, wilted, and slimy leaves, 
and flabby or spongy roots. hese defects were more prevalent in the upper layers 
of bunches. © 


In most lots, sprinkling resulted in the radish roots remaining firm and crisp 
throughout the 3-day tests, while the non-sprinkled roots became flabby or spongy 
during the second day. 


Yellowing of the leaves progressed rapidly in most lots with all handling 
practices but was most pronounced in the non-sprinkled radishes which had also 
become wilted or withered. 


No appreciable differences in the occurrence of decay were found between the 
sprinkled and the non-sprinkled radishes. 


The non-sprinkled radishes lost excessive amounts of moisture with consequent 
deterioration in quality during each of the 3-day tests. 


Produce temperatures as high as 60°F. did not materially affect the appearance 
of the radishes during the first day under any of the handling practices. However, 
after 3 days, a much larger propdrtion of the lots with average produce temperatures 
of 45°F, or lower were attractive than those with higher temperatures. 


Radishes that had been sprinkled or garnished several times daily were more 
attractive at the end of each day of the test than were those that had not been 
sprinkled or garnished. 
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Most lots of radishes remained attractive for 1 day, but many became un- 
attractive during the second day. 


Suggestions for Retail Store Operators 


Bunched radishes are one of the most highly perishable vegetables. They should 
be kept as cool as possible during both day and night. They may be held as low as 
32°F. without injury. 


Radishes that have been displayed during the daytime on non-refrigerated racks 
should be stored at night in iced produce barrels or in walk-in "coolers" held at 
low temperatures. 


Because of their very perishable nature, radishes should be moved into consum- 
ing channels as quickly as possible. 


